Purpose -This paper aims at presenting the theoretical concepts of the transdisciplinary case study approach (TCS), which is a research and teaching approach developed and elaborated at the Swiss Federal Institute of Technology (ETH), as a means of transition support. Design/methodology/approach -The paper reveals the historical roots of case studies, transdisciplinarity and sustainable development as teaching and research paradigms. The TCS approach is presented, which has been developed at ETH for supporting transition management of regional, urban, and organizational systems. This approach is entrenched by an ontology that reveals the basic characteristics of ill-defined transition problems, an epistemology that refers to Probabilistic Functionalism and distinguishes between multi-layered systemic and normative epistemics, a methodology that includes a set of methods for case representation (including modelling and projection), assessment, and strategy building, and a project management model that refers to more than a dozen TCSs in the field of sustainable development. Problems of validity of TCSs as a research methodology are discussed. Findings -Three major strengths of the TCS approach presented in the paper are: that it is based on three sound paradigms, which focus on different, relevant characteristics of complex, human-environment systems; i.e. the case study approach, transdisciplinarity and sustainable development, that it is strictly organized according to an elaborated and consistent theoretical framework that includes ontological, epistemological, methodological, and organizational considerations, and that it is itself subject to an ongoing inquiry and adaptation process. All theoretical considerations of the paper are clarified be elaborated examples from the more than 10 years experience with TCS of the authors. Practical implications -The paper gives a comprehensive overview of the theoretical foundation of TCS that might assist other scientists engaged in case study research and teaching to further develop their approaches. Additionally, relevant topics for further research in the field of TCS are presented which hopefully induce an inspiring discussion among case study researchers. Originality/value -As far we know, this paper is one of the first that presents a comprehensive and theoretically sound overview of applying transdisciplinary case studies as means of sustainability learning. Thus, it can be seen as a first, crucial step for establishing the new research field of TCS The current issue and full text archive of this journal is available at www.emeraldinsight.com/1467-6370.htm
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Introduction
With the turn from the industrial to the post-industrial age, we can recognize fundamental changes of how research (Gibbons et al., 1994; Scholz and Tietje, 2002) , teaching (Gutierrez-Martin and Huttenhain, 2003; Mieg, 2000; Zoller and Scholz, 2004) , application, and the utilization of scientific knowledge are organized at the university level (Scholz and Marks, 2001; Thompson Klein et al., 2001) . Environmental sciences and technology management can be seen as prototypical examples of such a change. Both fields demand for dealing with complex, multi-scale and multi-layered systems, and include knowledge from a broad scope of disciplines. The environmental sciences as its own discipline emerged in Europe from various natural, engineering, and social sciences after a series of environmental disasters in the 1980s. The rationale for this new discipline was that:
The traditional natural sciences such as chemistry or physics have not been able and prepared to master this type of complex scientific questions concerning environmental systems. Environmental problems constitute a new kind of complex systemic problems that require a new type of methods both for scientific analysis and problem solving (Scholz et al., 1997b, p. 1) .
The same holds true for technology development and management (Ashford, 2004) . The classical engineer was, for instance, trained in technological problem solving when primarily looking at problems locally or from one dimension. An evaluation of the quality of his product came from inner engineering criteria such as robustness against physical disturbances, at most including aesthetical criteria of appearance. Today, however, we are more aware that connecting two ends via a bridge will have major social, economic, and environmental impacts. Thus, a decision process must also deal with these impacts too. The latter demands on the scientist to not only cooperate with other disciplines but to also work transdisciplinary, as we conceive transdisciplinarity as a process of mutual learning and joint problem solving, in which scientists from different disciplines collaborate with practitioners to solve real-world problems.
If transdisciplinary processes are considered from a societal perspective, the problem solving perspective is in the foreground. From a science perspective, on the contrary, the generation of new knowledge, for instance, about what are appropriate evaluation criteria or what makes a solution socio-technologically robust, is dominating (Flüeler and Scholz, 2004) .
This leads us to the relation between transdisciplinarity and case studies. As the fundamental rule "Without methods and methodology, no science!" holds true for the scientific approach of transdisciplinarity, the question arises about what are appropriate transdisciplinarity methods. Case studies have been used for teaching and research in many disciplines for many decades. The case study approach is still viewed with severe scepticism and its potential has been widely misconceived. This is particularly true for the use of case studies as a research methodology.
On the contrary, we will show that case studies, and in particular transdisciplinary case study (TCS) , are a powerful tool for teaching and research on complex Historical framework and theory environmental problems to conduct individual, organizational, and societal sustainability learning. This is particularly due to the fact that TCS goes beyond a qualitative approach and allows for integrating quantitative research methods.
History
From a scientific perspective, the TCS approach heavily relies on the case study approach as a means to scientifically treat large-scale, complex problems concerning the interaction of human and environment systems. The case study approach can connect complex real-world problems with scientific theory building, as has been laid out in Eisenhardt (1989) . As societal problems are the focus of the TCS approach, it has to take into account the socio-cultural aspects of its research subject. For TCS the principles of sustainable development are an important reference point, as it represents a principle that seems to be widely accepted by most in our society. By using a transdisciplinary procedure we go beyond participatory methods as the stakeholders can and should -at least in some phases of the project -actively contribute to research with their interest and knowledge. This, in turn, has positive effects on questions of implementation. In the following we will briefly touch on these three components of the TCS approach. We will end with the history of the TCS approach itself.
Case study: research and education
Case study is used in a variety of meanings. In general we can trace different roots such as the medical model (Lukoff et al., 1998) , the "case work" of sociology (Le Play, 1855) , the role of cases in law sciences (Boehrer and Linsky, 1990) , or educational sciences (Kreber, 2001) . The boundaries between these roots are sometimes fuzzy. Luria's (1969) famous studies of learning disabilities, e.g. anchored both in medical and in educational sciences and the Piagetian case studies are sometimes labelled as cognitive ethnography, indicating that cultural anthropology (Lévi-Strauss, 1955; Mead, 1923) also contributed to the case study paradigm. As Gomm et al. (2000) revealed, case study research has become extremely popular not only in sociology but also in other branches of science, such as policy and public administration research, business sciences, community sociology, management studies, branches of psychology and medicine (particularly neuropsychology), educational sciences, planning sciences, etc. If we deal with the case study method as a research methodology, the crucial question is for which research objects this approach is appropriate. Normally, the case study approach is mostly chosen in research fields where the historic and authentic dynamics and perspectives of real social or natural systems are considered (Scholz and Tietje, 2002) . Or, to express it in other terms, the case study is an appropriate research methodology if the phenomenon investigated cannot be separated from its context. An implicit definition of what is and what makes a case has been provided in Scholz and Tietje (2002) :
A case becomes a case as something specific: it is considered from a specified perspective and with a special interest. A case is unique, one among others (Stake, 1995, p. 2) , and always related to something general. Cases are empirical units, theoretical constructs (Ragin, 1992) , and subject to evaluation, as scientific and practical interests are tied to them. Cases are utilized for purposes of demonstration and learning, both in education and research.
A closer look reveals that the specific use of case studies in various disciplines is extremely dependent on the type of problems treated and on the nature of the scientific IJSHE 7,3 discipline itself. The more complex and contextualized the objects of research, the more valuable the case study approach is regarded to be.
Various classifications and typologies of case study approachs have been introduced (Gomm et al., 2000; Scholz and Tietje, 2002, p. 10; Steiner and Laws, 2006) . We think that a case study classification according to the dimensions presented in Table I is, from a research perspective, reasonable and helps to position the TCS approach (for a detailed discussion see Scholz and Tietje, 2002, pp. 9-14) . Essential dimensions are the design (i.e. holistic vs embedded, see below), epistemological status (i.e. exploratory vs descriptive vs explanatory), the data (qualitative or quantitative) and the strategy of synthesizing different data (informal, empathic, intuitive vs formative or method driven). Furthermore, cases analyzed have different formats (highly structured presented by short vignettes vs unstructured) and case studies are conducted because of different purposes (research, teaching or action/application). Finally, the motivation of conducting case studies can be intrinsic, if the researcher considers the case as motivated for non-scientific reasons or instrumental if he or she just considers the case as a research tool. The characteristics of the TCS approach with regard to these dimensions are shaded in grey in Figure 1 . Explaining all of these characteristics would go beyond the scope of this paper. However, for clarification, we shortly elaborate on two of them which are relevant for the theoretical considerations in this paper.
First, TCSs deal with cases that are unstructured or unstructured for ground breaking (case format). In both case formats, the problem underlying the case and the strategy to cope with this problem are not clearly defined -they represent so-called ill-defined problems (see Section 3.1 on ontology). Cases are classified as unstructured for groundbreaking if researchers suspect that analyzing these cases entails the potential of developing new, groundbreaking scientific theories. These two case formats can be clearly distinguished from short vignettes, which have the character of textbook assignments, and from highly structured cases, which have more degrees of freedom but whose problems and solution strategies are clearly outlined. The latter two case formats are rather used for educational purposes whereas the former are rather research topics (exception described in Stauffacher et al., 2006 Second, the two main schools of case study researchers are the representatives of a holistic and an embedded type. The term "embedded case study" has been coined by Yin (2003) . The embedding of a case is considered as a strategy to master its complexity. In an embedded case study, as in holistic case studies, the starting and ending point is the case as a whole in its real-world context. However, in contrast to holistic case studies, in embedded case studies the case is faceted for the analyses in different perspectives of inquiry or in several subunits, respectively. Moreover, the case is embedded in a defined methodological framework. This process of decomposition and synthesis within a methodological framework are essential aspects of the epistemology of the TCS approach (see Section 3.2 on epistemology). The case study method has also been extensively used for teaching purposes. It is closely linked to Dewey's (1966) "learning by doing" approach. It takes into account that learning is always context-dependent and culturally influenced. Knowledge is constructed by social interaction with the research object, especially higher-grade procedural knowledge, e.g. complex-problem solving abilities. This is reflected in specific case study methods, such as experiential learning (Kolb, 1984) or experiential case encounter (Scholz and Tietje, 2002) . For an intensive discussion please refer to Stauffacher et al. (2006) in this issue.
Sustainable development
The concept of sustainable development defines the normative reference point of the TCS approach. It achieved broader attention by its interpretation in the Brundtland Report "Our Common Future" (World Commission on Environment and Development, 1987) , although it can be traced back to a forest management concept in the eighteenth century (von Carlowitz, 1732) . According to Dixon and Fallon (1989) , the Notes: TCSs deal with ill-defined problems (III). The examples in italics refer to the TCS "Appenzell Ausserrhoden: Environment, Economy, Region" IJSHE 7,3 concept had passed through several phases from its biological origin, over a broader resource management concept, to the political implications of the definition in the Brundtland report ("intra-and intergenerational justice"). Within this process the concept has found a broad echo in science (Kates et al., 2001) .
Defining the normative reference point of the TCS approach, sustainable development is conceptualized as a dynamic quality of human environment systems (Scholz and Tietje, 2002) . Derived from system theoretical approaches (Bossel, 2002) , it encompasses three basic principles formulated in potential properties:
(1) maintaining potential of the system (to avoid a collapse); (2) developmental potential for future generations to satisfy their needs as former ones did (to avoid unbearable restrictions); and (3) compensatory potential among the subsystems ("corresponding systems").
These interlinked aspects constitute the normative background of the TCSR approach. In a recently published study on expert views of sustainability (Laws et al., 2004) , sustainability is revealed as a "problem field that presents both practical and conceptual challenges" which shows that the case study approach is suited for treating sustainable development problems. This is emphasized by the aspect highlighted by Laws et al. (2004) that sustainable development is not a fixed concept but requires an ongoing inquiry process.
Transdisciplinarity
Transdisciplinarity can be said to evolve from special types of problems, i.e. real, complex, socially relevant problems, which ask for the integration of the knowledge of science and society (Burger and Kamber, 2003; Scholz et al., 2000; Thompson Klein et al., 2001) . Most of these problems are strongly related to sustainable development (Blättel-Mink and Kastenholz, 2005) . It can be said that planning and learning processes for sustainable development require transdisciplinarity as an approach (Meppem and Gill, 1998) . This holds particularly true if the development and implementation of policies and mutual learning processes are targeted by the behaviour of individuals, industries, organizations, and governments. We refer to the corresponding process as "sustainability learning".
Transdisciplinarity was mentioned, for one of the first times (Scholz and Marks, 2001) , in a 1973 OECD report on environmental education. Transdisciplinarity was defined as a state of knowledge production that occurs, "when a common set of axioms prevail, related to but lying beyond and complementing traditional disciplines" (Emmelin, 1975) . Commonly today, transdisciplinarity is understood as a process or an activity that produces, integrates, and manages knowledge in technological, scientific, and social areas (Thompson Klein et al., 2001; Thompson Klein, 2004) . As the prefix "trans" indicates, transdisciplinary concerns go beyond disciplines. There are three key components of definition (Häberli and Grossenbacher-Mansuy, 1998; Häberli and Grossenbacher-Mansuy, 2000; Jantsch, 1980; Kötter and Balsiger, 1999; Mittelstrass, 1996; Nicolescu, 1999; Scholz and Marks, 2001 ) for the TCS approach:
(1) supplementing traditional, disciplinary-and problem-centred "interdisciplinary" scientific activities by organizing processes to incorporate procedures, methodologies, knowledge, and goals from science, industry, and politics; (2) starting science production from relevant, complex societal problems, thus having the potential to contribute to sustainable development; and Historical framework and theory (3) organizing processes of mutual learning between science and society (Scholz and Marks, 2001; Scholz et al., 1998b) , so that people from outside academia can participate in transdisciplinary processes.
It can be seen that in the case study approach, sustainable development and transdisciplinarity are strongly interrelated (Adger et al., 2003) .
Transdisciplinary case studies on sustainable development
The Department of Environmental Sciences of the Swiss Federal Institute of Technology, Zurich, was founded in 1987 as a direct response to the environmental disasters of Tschernobyl, Seveso, and Schweizerhalle. From its beginning, research and education was focused on integrated, multi-and interdisciplinary approaches dealing with current, diverse, and complex environmental problems caused by human activities. Thus, the curriculum and research agenda integrate social sciences into the focus of natural environmental sciences. The department aims at contributing to individual, organizational, and societal environmental problem solving abilities (Scholz et al., 1997b) . Against this background, a core element in the spectrum of research and education activities of the department is the annual TCS compulsory for students in their last study year. Between 1993 and 2000, the TCS was annually conducted by the Chair for Natural and Social Science Interface (NSSI) (Scholz et al., 1999; Scholz et al., 1996; Scholz et al., 1997a; Scholz et al., 1998a; Scholz et al., 1995) . Since, 2000, two case studies are conducted, one from NSSI, the second from another Institute at the Department of Environmental Sciences (Mieg et al., 2001; Scholz et al., 2003 .
Theory
This paragraph outlines the core elements of the TCS theory to induce and organize sustainability learning. These elements are:
. ontology conceptualizing the phenomenon/problem/case the study is dealing with (against a functional typology of different phenomena/problems/cases);
. epistemology conceptualizing the type of epistemics, i.e. the cognitive approaches, the study is relying on (against a functional typology of different epistemics);
. methodology, conceptualizing the methods the study is applying and their integrative interaction (against a functional typology of different methods); and . project management theory conceptualizing the project management approach the study is using (against a functional typology of different project management approaches).
These theoretical core elements strongly depend on each other and characterize the basics of transdisciplinary research and teaching in TCSs.
In the following sections, we elementarily outline the core elements and highlight their relevant implications for research and teaching in TCSs. Illustrations and examples are given with reference to a specific TCS. This study was entitled "Appenzell Ausserrhoden: Environment, Economy, Region" and conducted in 2001/2002 in a cooperation between the canton of Appenzell Ausserrhoden, Switzerland and the chair of NSSI at the ETH Zurich. It was a teaching and research project, which dealt with sustainability transitions of traditional business branches .
Ontology
Science always includes reflective components, and we suppose that any researcher wants to know what type of phenomenon/problem/case he or she is dealing with. Ontology attempts to answer this question. It is conceptualized as an inquiry of the basic categories of things and their relations. This inquiry is approached by observational procedures, methods of representation and calculation, rules of logic, etc. Ontological considerations unfold the type, or nature of the phenomenon/problem/case we are dealing with in a TCS.
From the viewpoint of system theory (Clayton and Radcliffe, 1996; Forrester, 1968) , a TCS analyses represents:
. the structure of the system (i.e. a city, company, activity, etc.);
. the dynamics of how the system develops and could be developed; and . the quality aspects of the investigated system with regard to sustainable development.
Problems dealing with transitions of a system can generally be characterized by:
. an initial state of the system;
. a target state of the system; and . a specific transition process (including certain barriers), which has to be passed for reaching the target state ( Figure 1 ).
The type of problem encountered in TCSs is best classified as an "ill-defined problem" (Scholz et al., 1997b) . In this type of problem only the initial state is known and the target state aimed at as well as the transition process in order to reach this target state are, at most, vaguely outlined (Figure 1) .
3.1.1 The case of "Appenzell Ausserrhoden: Environment, Economy, Region". An exemplary ill-defined problem within the TCS "Appenzell Ausserrhoden: Environment, Economy, Region" was, for example, the question of how the regional wood, and in particular the sawmill industry, could be sustainably transformed. In this case it was not possible to precisely define the desirable target state (Figure 1 ) because it was, among other things, unclear how many and what types of sewing companies were beneficial for a sustainable regional development, or if sewing in Appenzell Ausserrhoden contributed to sustainable development at all. At the beginning of the study, it was even unclear how sustainable the current state of the regional sewing industry was. Furthermore, only rough ideas about the transition process and the types of barriers (financial, technical, social, etc.) to be passed during this process existed. This type of problem differs from tasks, such as certifying regional forestry and wood production according to the FSC standards, or defined problems, such as optimizing the exploitation of the regional wood resources (Figure 1 ).
Epistemology
Epistemology is the science of generating, integrating, and using knowledge with special focus on structure, scope, biases, validity, etc. as well as cultural, social, and Historical framework and theory individual differences (Goldman, 1986) . It is essential to conduct a study referring to an appropriate epistemological framework in order to adequately segregate and integrate pieces of knowledge acquired. Against the background of a general typology, two spheres of corresponding epistemics are involved in the TCS approach. The two epistemological spheres are the normative and the systemic sphere (Figure 2 ). The systemic sphere is embedded in the normative sphere, which means all systemic epistemics are -at least to some extent -selective and value-driven (Hofstetter et al., 2000) . Within normative epistemics, we differentiate among fundamental normative structures (e.g. preferences, values) and normative processes of goal formation, assessment, and valuation (e.g. world views). Goal formation results in the guiding question that relies on the normative concept of sustainable development. The guiding question is normatively operationalized in, e.g. assessment criteria. The process of valuation results in, e.g. utility functions for each assessment criterion. The normative processes are based on the fundamental, partly subconscious preference and value structures of the involved agents from science and society. An important goal within the TCS approach is to unfold these values and preferences and make them transparent in order to enable an open discourse among different groups of case agents.
The systemic sphere is hierarchically structured in three epistemics. The structure refers to the criteria of concreteness and complexity (Miller, 1978) . The three systemic epistemics are strongly interrelated along the streams of decomposition (down-stream) and synthesis (up-stream) (Figure 3 ). It is important to note that this structure is to be perceived as "achronic" not "diachronic;" this means that procedural or causal relations between the levels of the hierarchy are not implied. These issues are elaborated in the methodology of the TCS approach (see the following section): 
Conceptualization
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(1) The top level of the hierarchy is the case understanding (according to Miller, 1978 -"concrete system") . It is characterized by empathy, intuition, and holistic comprehension (Scholz and Tietje, 2002, p. 30 ff.) . With respect to the down-stream of decomposition, understanding is mostly based on experiences that result in case expertise and "ownership". Case understanding is the fundamental prerequisite for adequately approaching and dealing with the case. There are special methods that enhance the case understanding, such as the Experiential Case Encounter (Scholz and Tietje, 2002, pp. 241-6) . The hierarchical structure implies that the case understanding is the basis for a functional (goal-oriented) conceptualisation and analysis of the case (see levels 2 and 3). Focussing on the up-stream of synthesis, the case understanding is continuously revised and adapted during the study by integrating new data and model elements into the integrated comprehension of the case. (2) The second level of the hierarchy is the conceptualisation of the case. With respect to the down-stream of decomposition, conceptualisation is based on case expertise and "ownership" and results in facets or subsystems of the case (according to Miller, 1978 -" conceptual system"). The hierarchical structure implies that the case facets build the basis for a functional (goal-oriented) analysis. In terms of the up-stream of synthesis, conceptualization generates an integrated system model, synthesizing subsystems, elements, and interrelations among the elements, which enhances the case understanding. Therefore, methods of knowledge integration are applied to structure and select the relevant system information, i.e. on structures, agents, etc. (Scholz and Tietje, 2002, p. 31) . 
Notes:
The graph is not to be read as a diachronological structure that implies a causal or a procedural structure. It is rather to be seen as a basic cognitive and decisional structure. Therefore, the arrows indicate input-output relations rather than sequences. The ellipses denote the levels of epistemics; the boxes information generated by the case study team Historical framework and theory (3) The third level of the hierarchy is the analysis of the case facets (according to Miller, 1978 -"abstracted system") . With respect to the down-stream of decomposition, the separated compartments (i.e. the facets) of the case are subject to investigation (Scholz and Tietje, 2002, p. 31) . On this level, disciplinary, natural, and social science methods are applied to generate new data (e.g. by observations, measurements, surveys, etc.), as well as to collect existing scientific data (e.g. by content analysis, databases, etc.). In terms of the up-stream of synthesis, the analysed data build the elementary basis for synthesizing and supplementing facet and case models (Figure 3 ).
The systemic processes are based on fundamental cognitive structures of the involved agents from science and society (i.e. temporal and spatial perceptual structures, categorical structure of reasoning, etc.).
The Probabilistic Functionalism as an epistemological framework.
Coping with complex contextualised problems requires an appropriate conceptualisation, and in particular an answer to the question: "How can we manage to accomplish an appropriate/proper/reasonable/acceptable/adequate/. . . solution for complex, ill-defined problems" that are dealt with in TCSs. Over the last ten years, it turned out that the Probabilistic Functionalism developed by Brunswik (Brunswik, 1950; Hammond and Stewart, 2001 ) provides very useful framework. Brunswik originally used this concept to explain the performance of complex human perceptual systems. From an epistemological perspective, his basic question in this context was, "how [do] these systems manage to provide a reliable, valid, stable crisp (proximal) image and judgement in the face of such biased, arbitrarily sampled fuzzy (distal) inputs"? As this paper is not the right place to deal with this question in detail (Scholz and Tietje, 2002, pp. 36-9) , we only introduce four basic principles of Brunswik's Lens Model, which is the basic representation of the Probabilistic Functionalism (Figure 4 ). According to Brunswik the following principles have to be considered: Functionality. Any organismic behaviour (such as the activities of a research team) is intentional or purposeful and functional; thus, defining a terminal focal variable (which comes from the normative sphere, see Figure 2 ) is essential.
. Vicarious mediation. Any organism can only handle a limited number of preceptors (such as measurement stations or facets of a case, see Figure 2 ). However, these preceptors must be organized in such a way that they can sufficiently represent the initial focal variable (i.e. the case) with respect to the terminal focal variable (i.e. the guiding questions). Because information is gathered probabilistically, and a complete representation of a case is impossible, the perceptors used must be mutually interchangeable for achieving a robust representation or new perception (terminal focal variable). This principle has been called vicarious mediation. With respect to TCS this means that the set(s) of preceptors must be sufficient, i.e. to a certain degree overlapping and as whole, allowing for purposeful description, modelling, and evaluation of the case. Hereby the satisficing rather than optimising principle should be obeyed. This means that a set of preceptors is sufficient if it is "good-enough" (Simon, 1979) with respect to the given questions/problems.
. Probabilistic relation of information acquisition and integration. In the context of complex cases, information acquisition always includes probabilistic aspects. With respect to the perceptual systems this means that, "there is no [input] which would be available under all circumstances or is completely trustworthy" (Brunswik, 1955, p. 19) . With respect to TCS this analogously means that there exists no ultimate way to approach a case, i.e. the case could never be represented completely objectively. Knowledge on each epistemological level is thus, to a certain degree, acquired in a probabilistic way (e.g. the selected case faceting is one out of many possible faceting approaches). This also holds true for the integration of knowledge.
. Functional, evolutionary optimisation of performance. Whether or not a solution to a problem (e.g. recommendations with respect to a sustainable transition of a case) is appropriate/proper/reasonable/acceptable/adequate/. . . can often only be answered evolutionary. Because reality is not entirely rational, we have to take probabilistic stabilization into account, in the sense that bad solutions can be rewarded whereas good are punished. However, evolutionary, these "misperceptions" get calibrated.
The epistemological framework of Probabilistic Functionalism provides a sound approach, which helps to adequately translate the basic epistemological considerations into a corresponding methodology.
The TCS methodology described in the following chapter is designed along the principles of the Probabilistic Functionalism, repeatedly applying the aspects of decomposition and synthesis. The Brunswikian Lens Model can be considered as a basis for representing the methods applied.
3.2.2 The case of "Appenzell Ausserrhoden: Environment, Economy, Region". The TCS "Appenzell Ausserrhoden: Environment, Economy, Region" focused on the regional economy with respect to the normative guiding idea of sustainable development. At the beginning of the case study a certain case understanding was distributed among the involved case agents and scientists. Sawyers in the region had, for example, a specific understanding of how to treat regional timber best and local majors often knew the key players of the regional economic networks. The goal of the case study team was to make Historical framework and theory this understanding accessible, in order to adequately organize and accomplish the project and to purposefully contribute, integrate, and enhance this understanding. In so doing, each member of the case study team took part in an Experiential Case Encounter and performed for at least one day a practical exercise as an employee in a traditional occupation of the region (e.g. sawing wood, working as waiter in a regional restaurant, etc.). These encounters were designed as "change of ends" which increased the emphatic understanding of the participants. For conceptualising the case, different approaches following existing "conceptions" were thought of. One idea was, for instance, to facet the case according to the three sub-regions of Appenzell Ausserrhoden; another was to apply the classic economic differentiation between primary, secondary, and tertiary sectors. Finally, the focus on three traditional industrial sectors of the region was commonly considered as the most promising faceting of the case. This conceptualization and the guiding question essentially determined the analytical strategy of the project.
Methodology
Methodology is conceptualised as a set of principles of methods and procedures developed and elaborated to tackle problems (Checkland, 1999) . The TCS methodology strongly refers to the concept of the Probabilistic Functionalism and the related Lens Model (Hammond and Stewart, 2001; Scholz and Tietje, 2002) . The methodological TCS framework is composed of five successive steps ("forward operating"), i.e. goal formation, System analysis, Scenario construction, Multi-criteria assessment, and Generation of orientations ( Notes: *Goal formation and case faceting appear at two points as the facets are defined at the beginning of the "backward planning" process and are the starting point for the "forward operating" during the concrete project work. The synthesis at the end could be subdivided in a synthesis on the level of the case facets and an overall synthesis. For reasons of clarity, we did not include this distinction in the figure IJSHE 7,3
All steps are conducted with respect to the concept of "backward planning" (Holmberg and Robert, 2000; Scholz and Tietje, 2002, p. 267) . This means that they are functionally determined by the goals defined and by the steps they refer to (back and forth). In theory "backward planning" requires that all steps of the project are generally elaborated from "the end to the beginning" before starting with "forward operating". This does not imply that the project team finally fixes the framework of the whole project before starting with the project work. "Backward planning" and "forward operating" are instead performed in an iterative process in which the previously elaborated framework is constantly reflected and adopted on the basis of new insights. "Backward planning" helps, however, to ensure the goal orientation and the functional interplay of the different analytical steps. To implement the concept of "backward planning" it is crucial that the definition of the facets and the formulation of the research plan starts from an integral model (conceptual level) that allows for synthesizing the outcomes of the analyses (analytical level) on each facet in a way that robust conclusions can be derived for the whole case (case understanding). Within the "backward planning" process we rely on the concept of the Probabilistic Functionalism, mentioned above. This methodological functionalism is based on the "satisficing principle," in contrast to achieving completeness (Simon, 1979) . Satisfycing means that a method applied should generate results appropriate to build the input for the next step of the procedure, and to contribute to the overall goal of the study (Scholz and Tietje, 2002, p. 38 ff.) . Therefore, each method is embedded in a structured set of methods, and its functions are determined by the overall goal, input, expected output, etc. of the case study process (Wiek et al., n.d.) . Table II presents the analytical steps of the TCS-framework form the perspective of "backward planning" and "forward operating", respectively. 3.3.1 Goal formation and case faceting. The TCS process starts with the definition of a guiding question. This question should be the result of a contracting process between the key case agents and the team of scientists involved, and be accepted and owned by both parties. The guiding question defines the system and time restrictions, the specific aspects of the sustainability transition aimed for, and the contextual information required for conducting the study. the synthesis and knowledge integration (i.e.: Does the faceting allow for an overall synthesis).
For each case facet the guiding question for related to the entire case has to be specified with respect to the particular characteristics of the facet. 3.3.2 System analysis. The structure, dynamics and functions of each case facet are analyzed by a specific case study project team. This analysis relies on soft system methodology (Checkland, 1999) , problem structuring methods (Rosenhead and Mingers, 2001) , system dynamics (Forrester, 1971) , and other systemic natural and social science methods. The system analysis results in a semi-quantitative system model, which is composed of all impact variables required to sufficiently describe the current and future states of the case and their mutual interactions. This model reveals the relevant regulatory feedback and control mechanisms of the system Scholz and Binder, 2004) .
3.3.3 Scenario construction. The scenario construction is functionally based on the results of the system analysis and determined by the goal of assessing different possible future states. Within the TCS approach, this step is mainly based on Formative Scenario Analysis (Scholz and Tietje, 2002; further developed in Schmid and Wiek, 2003) . This approach is a modular-structured method for intuitively and formatively constructing integrated and consistent scenarios. These scenarios are first mathematically defined, and in a later step verbally formulated, visualized, and validated. Scenarios are conceptualized as complete combinations of levels of all impact variables of the semi-quantitative system model. The elements of the scenario construction (procedure, agents, etc.) are designed in accordance with the function it has to fulfil within the case study, i.e. serving as a basis for the assessment of future states and contributing to the overall goal of the study. Thus, it has to be ensured that the scenario descriptions provide sufficient information for the scenario assessment (backward planning) (Wiek et al., submitted) (Wiek et al., n.d.) .
3.3.4 Multi-criteria assessment. The scenario assessment serves for the derivation of action and agent related strategic orientations in the broader methodological TCS framework. It is based on the Multi-Attributive Utility Theory (MAUT) and organized into two separated parts, an expert and a stakeholder assessment. The expert assessment (MAUT 1) aims at assessing the scenarios based on scientific knowledge. The stakeholder assessment (MAUT 2), which aims at unfolding the normative preferences of the relevant stakeholder groups, is organized in a so-called "exploration parcours" (Loukopoulos and Scholz, 2004; Scholz and Tietje, 2002, pp. 143-97 ff.) . Within this experimental setting, which provides encounters with the previously developed sample of scenarios (presented by physical models or computer animations), stakeholders are individually asked to assess the scenarios, first intuitively, and then based on a series of sustainability criteria. The procedure involves several steps, IJSHE 7,3 including the identification and structuring of relevant criteria to evaluate the scenarios, an assessment of the relative importance of these criteria, the rating of the performance of scenarios with respect to the criteria, and the aggregation of the assessments and the importance weights to obtain an aggregated utility score (Loukopoulos and Scholz, 2004; van Poll, 2003) . The fact that MAUT 1 and MAUT 2 are based on the same assessment criteria allows for comparing the expert with the stakeholder assessment, as well as the assessments of the different stakeholder groups. These comparisons unfold different patterns of preferences. The decomposition of the complex issue "sustainable development" in several assessment criteria is beneficial for decision-making processes, because it allows for communicating preference structures and value conflicts among the stakeholder groups and experts.
3.3.5 Generation of orientations. The assessed scenarios, as well as the results and insights of the previous steps (i.e. system analysis and scenario construction), serve as a basis of generating strategic orientations towards a sustainable case transition. It is important to acknowledge that the TCS approach does not aim at a catalogue of action recommendations but at a concise set of action orientations. This fact has to be considered from the beginning of the case study, i.e. the guiding question should incorporate that the TCS aims at constructing scenarios, based on sound system knowledge that differs in terms of sustainability and allows stakeholders and experts to discuss and negotiate desired as well as non-desired future states. In so doing, the TCS approach leaves the decision of how to realise the given orientations to the decision-makers, who know best how to implement the orientations under the given financial, political, and societal constraints (Lele and Norgaard, 1996) . Orientations can be made not only on the level of the case facets but also on the level of the entire case. The latter requires a sound overall synthesis of the case study result for which Walter and Wiek (2002) elaborated a formative approach.
3.3.6 The case of "Appenzell Ausserrhoden: Environment, Economy, Region". In an intensive negotiation process between the involved scientists and case agents involved, the guiding question for the TCS "Appenzell Ausserrhoden: Environment, Economy, Region" was defined, as follows: "What are the prerequisites for the regional economy in Appenzell Ausserrhoden in order to sustainably operate in harmony with the environment and the socio-economic needs?" (Scholz and Stauffacher, n.d.) . With respect to this thematic focus, three traditional, environmentally relevant, and economically vulnerable business sectors, i.e. textile industry, wood industry, and diary farming, were selected as case facets for the further steps . The guiding question was subsequently specifically adapted for each of the facets by the responsible case study project group.
The system analysis included analysing the historical development of the investigated industries, agent networks, production chains, creation of added value, and economic, social, and environmental performance indicators of exemplary companies. Based on the data gathered, relevant system variables were derived and selected with regard to the principles of functional adequacy and sufficiency (Lang et al., n.d.) . Finally, these variables and the evaluated data were integrated into a semi-quantitative system model of the specific regional business sector.
Based on the system model, four to six scenarios were constructed for each industry, which described possible future states of the entire sector and its companies. For instance, the five scenarios for the wood industry were:
(1) "business as usual"; (2) "active marketing"; Historical framework and theory (3) "concentration of all activities to one major company"; (4) "diversification -specialized products"; and (5) "intensive organizational and logistical corporation of the existing companies".
Because these system scenarios strongly depend on developments of external factors, their robustness under previously constructed shell scenarios was additionally estimated (Wöhrnschimmel et al., 2004) . The described and visualized scenarios were subsequently assessed by experts (MAUT 1) and by representatives of relevant stakeholder groups (MAUT 2). For the facet "wood industry" four stakeholder groups were involved in MAUT 2, with a total of N ¼ 26, i.e. sewer, woodworking industry, administration, and forestry/NGOs. The intuitive assessments of the scenarios differed significantly between the stakeholder groups, whereas the groups did not differ significantly in their criteria-based assessments. The results of the criteria-based stakeholder and expert assessments revealed both the same two groups of scenarios that were differently preferred:
(1) the desired scenarios: "active marketing" "diversification -specialized products" and "intensive corporation"; and (2) the undesired scenarios: "business as usual" and "concentration on one major company".
Based on the insights of the scenario assessment, different action orientations were formulated, which incorporated ideas off all three desired scenarios. One orientation was, for example, that the companies of the wood and forestry industries together might organize and accomplish information events, which would highlight the multiple benefits of wood products and the traditional relevance of the wood industry for the region. This orientation was subsequently implemented by the case agents of the wood industry who have organized an annual public "wood day" (Scholz and Stauffacher, n.d.) .
Project management
Project management deals with the purposeful application of different techniques, tools, and methods for efficiently and effectively utilizing existing skills and knowledge in order to meet the requirements of a certain project (Kerzner, 2003) . Hereby, both procedural and organizational aspects play an essential role. The project management framework of the TCS approach accordingly consists of a general procedural project plan ( Figure 6 ) and a general organizational setting (Figure 7) . This framework is then specifically adapted for the requirements of each case. 3.4.1 TCS procedure. The procedural project plan is divided into the three major phases:
(1) preparation; (2) project work; and (3) elaboration and documentation (Figure 6 ).
During the first phase the general framework for the project is defined herby the concept of backward planning pays an essential role. This phase includes the selection and definition of the case to be analysed (e.g. explicit definition of the system boundaries), the establishment of the transdisciplinary agent network involved in the project (including an explicit definition of roles and competences), and the development of a written project IJSHE 7,3 Source: Scholz et al. (2003) Historical framework and theory concept (including the guiding question of the study). The second phase comprises the concrete project work described in the previous methodology chapter. This phase is divided into two synthesis sub-phases and an analytical sub-phase. In the third phase of the project the results of the project work are elaborated and documented. Major results are included in a detailed report dedicated to the case agents and scientific publications dedicated to the scientific community. Depending on the results of the project work, follow-up projects (facilitating the implementation of the results) or thesis (further elaborating the case study results) might be initiated and conducted. Finally, an evaluation of the project and its results, which is essential for the long-term success and further development of the project, is part of this final phase. 3.4.2 TCS organization. To implement the concept of transdisciplinarity, each layer in the general organizational chart of the TCS approach is composed of scientific and case institutions or agents,, respectively, (Mieg, 2000; Scholz et al., 1997b) . Following this idea, the project is lead by a co-leadership of a scientist and a case agent, who both have equal rights and responsibilities. The overall administration and organization of the project is either conducted by two interacting project management teams, one responsible for scientific aspects and one responsible for aspects of the case, or by one project management team composed of scientists and case agents. The steering group of the case study, which is strongly involved during the entire project, defines the project framework (guiding question, faceting, etc.) and continuously evaluates the project quality. The project groups conduct the project-work in phase two, which is dedicated to the facets of the case. The groups intensively collaborate with reference groups, composed of representatives of relevant stakeholder groups. Co-leadership, project administration, steering committee, project, and reference groups form the core case study team (centre of Figure 7 ). This core team is advised and supported by various scientific and case experts. The advisory board, which meets about three to five times during the case study, is an institutionalised form of this support; however, there are many other forms not explicitly visible in the organizational chart, such as a mentoring of the project-groups by disciplinary experts or an external review process of the case study report.
3.4.3 The case of "Appenzell Ausserrhoden: Environment, Economy, Region". The definition of an adequate and feasible guiding question, which similarly meets the requirements of the case agents and those of the involved scientists, was a major challenge during the preparation phase of the TCS "Appenzell Ausserrhoden: Environment, Economy, Region". According to the case agents involved, a relevant problem of the rural region of Appenzell Ausserrhoden has been the decreasing economic power of traditional industrial sectors which have essentially shaped the identity of the region. Thus, they proposed to investigate which role these sectors could and should play for securing the long-term viability of the region. Scientifically, this issue was suited to the question of how human environment systems can be sustainably transformed -a major challenge in sustainability research. Based on this common fundament, which was established in various negotiation meetings, the earlier mentioned guiding question was formulated. The following definition of the case facets was guided by this question, but also influenced by the search for industrial representatives willing to cooperate in the study. Both the definition of the guiding question, as well as the final faceting of the case, exemplify how strongly the TCS approach depends on the knowledge of the agents involved and how practice is IJSHE 7,3 incorporated into research (see above). The procedure during phase two is described in the methodology section. During the elaboration and documentation phase various follow-up projects evolved, such as the extrapolation of the results for the regional textile industry for the nationwide textile industry.
The TCS "Appenzell Ausserrhoden: Environment, Economy, Region" was lead by a co-leadership comprised of the two persons who bore the idea of the study -Roland Scholz (ETH-Professor for Environmental Sciences) and Hans Altherr (President of Canton Appenzell Ausserrhoden). This was an ideal constellation for the project, as both co-leaders were strongly committed to the project and had access to highly competent networks within the case and scientific community, respectively. The project management was conducted in a strong corporation between the ETH TdLab, a team of scientists experienced in TCS research and teaching, and a regional office for regional development (pivot), which possessed a comprehensive case understanding. The examples of steering group and advisory board members shown in Figure 7 show that these two organizational bodies were composed of experts from science and practice for both general and specific case aspects. Because the TCS "Appenzell Ausserrhoden: Environment, Economy, Region" was designed as a transdisciplinary teaching project within the ETH-curriculum of environmental sciences, the working groups were composed of advanced students and led by experienced tutors. Members of the corresponding reference groups were, for example, representatives of the investigated industry sectors, related economic agents (e.g. investors), and representatives of the regional administration. With respect to scientific questions, each of the working groups was intensively advised by at least one disciplinary scientific mentor. A special group, the so-called chassis-group, was responsible for integrating the results of the different working groups and for coordinating their activities (Wiek and Walter, n.d.) .
Validity
Validity is clearly the most challenging issue for any research, particularly in qualitative in vivo studies, which are unique in the sense that there is no controlled repetition under the same constraints as postulated in the theory of statistical hypothesis testing. Though essential, the question of validity is often abandoned from qualitative empirical research and has not yet been thoroughly discussed in transdisciplinary research. This paper is not the place to present an in depth discussion of validity in transdisciplinary research, however, we want to introduce some key aspects of validation and sketch out how these aspects could be approached in terms of TCSs. An extensive treatise on the validation of embedded case studies is provided by Scholz and Tietje (2002, p. 331) .
Many types and facets of validity have been defined by different sciences. In general terms validity approves the (quantitative or qualitative) correlation between "reality" and the descriptive statements, evaluations, conclusions, recommendations, forecasts, etc. made by researchers or in the case of the TCSs by the case study team. Hereby, validation always refers to a reference framework (Gödel, 1931) or metalevel, which determines what is considered as a true, valid or good and, respectively, as a false, invalid or bad result.
At least the following five aspects seem to be relevant for investigating the validity of TCSs and their results: Historical framework and theory
(1) First, we can judge whether the study in general or different facets and subprojects are reasonably, effectually, and successfully devoted to the goal or guiding question of the study. This aspect, which has been called functional validity (Elstein et al., 1978; Scholz and Tietje, 2002) , strongly refers to the conceptualisation of the case, in particular to the question whether the faceting or embedding seems reasonable to answer the guiding question of the study (Figure 2 ). (2) Second, the case study team can inquire whether the appropriate information from the case has been inquired in an unbiased way. This refers to ecological validity, which is a key term in the Theory of Probabilistic Functionalism (see above). (3) Third, the implications of the study should be in line and not conflict with the goals of the study. This refers to the aspect of consequential validity and can, for example, be object of an ex-post evaluation. (4) Fourth, from a scientific perspective, some key findings of a TCS should be generic and therefore be also valid for other cases. This refers to the aspect of external validity, for which -to our best knowledge -no standard approval procedure exists. (5) Fifth, when designing a case study, the research team could plan to investigate key issues by different methods (e.g. interview and questionnaire) or plan to answer the guiding question by a different method (e.g. expert-interview). This is a way of assessing the aspect of convergent validity. This aspect is related to triangulation, which is a key method of validation in qualitative research (Silverman, 2001; Stake, 1995) .
The most pragmatic way of validation generally seems to be face validity. In the case of a external validity evaluation, we can, for example, ask different experts to which other cases (e.g. cities, regions, companies, etc.) they think the conclusions of the study could be transferred.
Conclusions
Within the fast moving, post-industrialized society, problems become increasingly complex and contextualized. In this paper we argued that an ongoing inquiry process of individual, organizational, and societal sustainability learning is a promising approach to tackle these new challenges and to foster a desirable future. During our more than 15 years of experience with TCSs, this transdisciplinary project design has proven to be an adequate, flexible, and goal oriented approach to organize and implement sustainability learning processes. Three major strengths of the TCS approach are:
(1) It is based on three sound paradigms, which focus on different, relevant characteristics of complex, human-environment systems; i.e. the case study approach (representing a methodological framework of handling complex, real-world problems), transdisciplinarity (representing a mutual learning framework to cope with the contextualization of complex, real-world problems), and sustainable development (representing a broadly accepted guiding idea that provides a normative orientation for coping with complex real-world problems).
(2) It is strictly organized according to an elaborated and consistent theoretical framework that includes ontological, epistemological, methodological, and organizational considerations. These characteristics are carefully coordinated and interlinked, i.e. the epistemics of the TCS are designed to tackle ill-defined real-world problems, the methodology is organized along the different hierarchical TCS epistemics, and the project organization serves for an effective and efficient application of the methodology. However, the theoretical framework has to be seen as a whole in which ontology, epistemology, methodology, and organization are inseparable "constructs". For instance TCS ontology strongly affects the types of epistemics that are considered relevant for TCS research. Further, the epistemological framework (i.e. the Brunswikian Probabilistic Functionalism) is the reference system for both the methodology and the validation. (3) It is itself subject to an ongoing inquiry and adaptation process. None of the TCSs we performed was like the other, though the lessons learned from previous studies were continuously integrated into the framework of the subsequent studies.
The paper also revealed that the validity issue has not been sufficiently treated up to now. Though we have introduced a set of aspects/definitions of validity, which are relevant for TCS and also have roughly sketched how validity could be approached in practice, this issue should be more thoroughly investigated in future.
The enthusiasm of most of the more than 1,000 stakeholders involved in the past set of 11 TCSs at ETH, and the starting spread of our approach in different European universities, are very encouraging. However, a crucial next step for the further success of TCS is whether or not a sound research community could be established in the field of complex, transdisciplinary problem solving towards sustainability learning.
